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Abstract

The effects of kerosene and distilled water as dielectrics on the electrical discharge surface alloying of superalloy Haynes 230 are
investigated. The 85 at.% Al and 15 at.% Mo composite electrode provided the surface alloying materials. The alloying results obtained using
both positive and negative electrode polarities were compared. With negative electrode polarity and alloying in kerosene, many discontinuous
piled-layers comprised mostly of AlsMog and AlMos phases accumulate on the surface of the N-AlMo-Kero specimen, but alloying in
distilled water was unsuccessful because of the difficulty of discharging under such an EDA condition. With positive electrode polarity, the
alloyed layers constituted mainly of NiAl phase are formed on the EDA specimens, in either kerosene or distilled water. The alloyed layer of
P-AlMo-Kero contains a mixture of NiAl, AlgMos, Cry3Cg, and Al4Cs, while the alloyed layer of P-AlMo-Water contains NiAl, AlCr,,
Al;sCr, and Al,O3 phases. The P-AlMo-Water exhibits the highest hardness, whereas the P-AlMo-Kero has the smallest surface roughness of
all the EDA specimens. The superalloy Haynes 230 and the EDA specimens are subjected to isothermal oxidation at 1000 °C in static air.
Analyses of oxidation kinetics indicate that the P-AIMo-Water and the P-AlMo-Kero specimens are more resistant to oxidation than the

unalloyed superalloy; and the P-AIMo-Kero specimen has the best oxidation resistance among all tested specimens.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Knoop hardness test; Roughness; Aluminium; Molybdenum; Nickel alloy; Electrical discharge alloying (EDA)

1. Introduction

The development of industrial technology depends on the
use of materials as structural components in increasingly
extreme and aggressive conditions, such as in high temper-
ature erosion and corrosion, electrochemical corrosion, and/
or abrasive wear situations. Most forms of degradation or
destruction resulted from severe environmental conditions
are initiated at the surface of materials. Accordingly, many
efforts have recently been made to develop surface
modification, including the developments of coating [1,2]
and surface alloying [3,4] techniques and the production of
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new surface materials whose properties differ from those of
the substrate; such materials may be impossible to obtain by
traditional methods.

Electrical discharge alloying (EDA) is a new surface
alloying technique that uses a green-compact composite
electrode [5—8] as an alloying material to improve the
surface chemical and mechanical properties of structural
materials. During electrical discharge, the thermal energy
converted from electrical energy generates a channel of
plasma between the cathode and the anode [9] at temper-
atures between 8000 and 12,000 °C [10], melting the
surface of the electrode and workpiece, such that the
electrode materials are induced into the molten surface of
workpiece. Furthermore, the working fluid is decomposed at
these temperatures, enriching the surface of a workpiece by
the addition of the dielectric elements. Different dielectrics
exhibit dissimilar cooling rates and compositions, so the
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Table 1
The chemical composition of the experimental superalloy Haynes 230

Elements Ni Cr W Co Fe Mo Mn Si Al C La B
wt.% 57 22 14 Max 5 Max3 2 0.5 0.4 0.3 0.1 0.02 Max 0.015

reaction time and products of EDA are unlike in different
dielectrics. The choice of dielectric, therefore, is critical to
the EDA process.

Among the most commonly used dielectrics, kerosene
has been often employed in the EDA of various work-
pieces [11-13]. However, when kerosene is used as a
dielectric, the carbon that is decomposed from kerosene
accumulates on the machining surface and then diffuses or
is mixed into the molten surface of the workpiece during
the EDA process. Additionally, kerosene is flammable and
the gaseous chemicals produced from kerosene are poison-
ous [14]. However, the distilled water is nonflammable
and harmless. Moreover, the oxides are formed and
dispersed on the surface layer of the workpiece, increasing
its surface hardness and corrosion resistance, as the
oxygen that is decomposed from distilled water reacts
with the elements of the workpiece and the electrode
during the EDA process. Therefore, distilled water may be
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a suitable dielectric for EDA. This study investigates the
potential to use distilled water as a dielectric in EDA using
an Al-Mo composite electrode. The effects of different
dielectrics, such as kerosene and distilled water in EDA,
on surface alloying and surface properties are also
examined.

2. Experimentation
2.1. Alloying materials

The workpiece used in this experiment is the Ni-based
superalloy Haynes 230, manufactured by Haynes Interna-
tional Inc., as shown in Table 1. The alloying materials
include 85 at.% Al powder of about 15 um and 15 at.% Mo
powder of about 10— 15 um. These powders were mixed in a
cylindrical-shape blender for 10 h, and were then fabricated
into a green-compact tablet by powder metallurgy under 80
MPa at 250 °C for 50 min. Finally, the tablet was bonded to
an electrolytic copper rod, using a conductive copper-
mounting compound, to form a finished Al-Mo composite
electrode.
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Fig. 1. Schematic diagram of experimental setup for this research.
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Table 2
The EDA experimental conditions

Working parameters Description

Workpiece Superalloy Haynes 230
(15 mm x 15 mm x 2 mm)

Electrode Al—Mo composite electrode (& 12 mm),
(85 at.% Al-15 at.% Mo)

Dielectric (1) Kerosene

(2) Distilled water

Electrode polarity Positive (+)/negative (—)

Discharge current, /,, 10 A
Pulse duration, 7, 600 ps
Duty factor 0.33
Rotation speed of electrode 100 rpm
Working time 360 s

Al-Mo composite electrode, forming pressure/temperature/time: 80 MPa/
250 °C/50 min.

2.2. EDA process

The EDA process was performed on a die sinking
electrical discharge machine, as shown in Fig. 1. Either
commercial kerosene or distilled water was used as the
dielectric during surface alloying. Both positive and
negative electrode polarities were used to compare the
results of alloying with electrodes of different polarities.
Table 2 lists actual experimental conditions of the EDA
process.

When the Al-Mo electrode with negative polarity was
used in distilled water, the alloying process was unsuccess-
ful because of the difficulty of discharging under such an
EDA condition. Therefore, three surface alloying specimens
were prepared via the EDA processes. Table 3 gives the
name of the specimens used in this study and the
corresponding EDA conditions.

2.3. Analysis and testing of alloyed specimens

The alloyed specimens were cut to @12 mm by wire
electrical discharge machining, and then ultrasonically
cleaned with acetone and deionized water. The various
phases of the alloyed specimens was characterized by X-ray
diffraction using monochromatic Cu-Ka radiation (wave-
length=1.542 A). The surface morphology, the cross-
sectional microstructure, and the chemical composition of
the alloyed specimens were examined by scanning electron
microscopy (SEM), X-ray energy dispersive spectrometry
(EDS), and electron probe microanalysis (EPMA). Precision
profilometry was employed to measure the surface rough-
ness. Five random measurements presented by Ra were

Table 3

The name of EDA specimens and corresponding conditions

Specimen name Electrode Electrode Dielectrics
polarity

P-AlMo-Kero Al-Mo composite + Kerosene

N-AIMo-Kero Al-Mo composite - Kerosene

P-AlMo-Water Al-Mo composite + Distilled water
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averaged to obtain the typical surface roughness. The
hardness profiles of the EDA specimens were measured
along the depth of the cross-section of alloyed layers, using
a Knoop hardness tester with a load of 25 g and a loading
time of 15 s. In the high temperature oxidation test, the EDA
specimens, which are alloyed on double-side surfaces, and
unalloyed superalloy underwent isothermal oxidation at
1000 °C in static air for a period of 41 days, but were
weighted every 24 h to calculate the oxidation kinetics.

3. Results
3.1. Phase constitution and microstructure of alloyed layers

Fig. 2(a)-(d) show the XRD spectra of unalloyed
Haynes 230 and three EDA specimens. The XRD results
demonstrate that the alloyed layer of P-AlMo-Kero in Fig.
2(c) contains a mixture of NiAl, AlgMos, Cr3Cg, and
Al4Cs; while NiAl, AlCr,, AlsCr, and Al,O; phases are
detected in the alloyed layer of P-AlMo-Water in Fig. 2(b).
The NiAl peaks in the XRD spectra of P-AIMo-Kero and P-
AlMo-Water are much more intensive than the other phases,
indicating that the NiAl phase is the main constituent in the
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Fig. 2. XRD spectra of (a) unalloyed superalloy Haynes 230, and three EDA
specimens: (b) P-AlMo-Water, (c) P-AlMo-Kero, and (d) N-AlMo-Kero.
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Fig. 3. Cross-sectional SEM (SEI) micrographs with EDS line scan for (a) Ni, Cr, W, and (b) Al, Mo, O of the P-AlMo-Water specimen.

alloyed layers of the P-AIMo-Kero and P-AlMo-Water
specimens. However, the XRD spectra of N-AlMo-Kero
include AlsMog, AIMos, and WC, _,, but the NiAl peaks are
very weak.

Fig. 3 shows SEM cross-sectional micrographs with
EDS line scan of the P-AlMo-Water specimen. The alloyed
layer of P-AlMo-Water, with many white precipitates, has
a thickness of approximately 30 pm. The major elements
of the substrate, such as Ni and Cr, and the electrode
elements, Al and Mo, are distributed uniformly in the
alloyed layer. A gradual decrease in the Ni and Cr
concentrations from substrate to surface of the alloyed
layer is observed, while the signal intensities of Al and Mo
increase with the distance from substrate to the surface.
The compositional gradient in the elemental distribution is
associated with a strong bonding between the alloyed layer
and the substrate of P-AlMo-Water specimen. However,
cross-sectional micrographs reveal that the thickness of the
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alloyed layer is inhomogeneous and many serious cracks
go through this layer. These defects in the alloyed layer
degrade the surface properties of the P-AlMo-Water
specimen.

Fig. 4(a)—(e) present cross-sectional SEM micrographs
of P-AlMo-Kero specimen and the corresponding X-ray
maps of Ni, Cr, Al, and Mo. The thickness of the alloyed
layer that adheres strongly to the substrate is about 40—50
pum. The X-ray maps demonstrate that the electrode
elements Al and Mo are uniformly distributed in the
alloyed layer with a compositional gradient that decreases
gradually from surface to substrate. Moreover, the signal of
Al is stronger than that of Mo, indicating that a fair
amount of Al and a little Mo are dissolved in the alloyed
layer.

Fig. 5 presents typical SEM cross-sectional images of N-
AlMo-Kero. Unlike the formation of a smooth and
homogeneous alloyed layer on the surface of P-AlMo-Kero,

'. )

(@) Al map ||

Fig. 4. (a) Cross-sectional SEM (SEI) micrograph of the P-AIMo-Kero specimen, and followed by X-ray maps of (b) Ni, (c) Cr, (d) Al, and (¢) Mo in (a).
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Fig. 5. Cross-sectional SEM (SEI) micrographs of the N-AlMo-Kero
specimen.

discontinuous piled-layers are formed, and attached to the
surface of N-AlMo-Kero; the surface of this specimen
becomes severely cracked. Fig. 6(a)—(g) show backscat-
tered electron-image (BEI) micrographs of the N-AlMo-
Kero specimen with piled-layers and corresponding X-ray
maps of Ni, Cr, W, Al, Mo, and C. They indicate that the
piled-layer includes several voids and that the elemental
distribution of piled-layer is inhomogeneous. The piled-
layer contains a little Al, but the substrate near the piled-
layer/substrate interface contains more. Furthermore, the
piled-layers are enriched with Mo, indicating that the Al and
Mo tend to separate from the mixture of electrode droplets
when the mixture accumulates on surface of the superalloy
under such EDA condition.

Ip =10A
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Working time = 360s

Surface roughness (Ra/ um)
w
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Fig. 7. Surface roughness of (a) P-AlMo-Water, (b) P-AlMo-Kero, and (c)
N-AIMo-Kero specimens.

3.2. Surface conditions

Fig. 7 shows the surface roughness of three EDA
specimens. Fig. 8(a)—(c) present the surface morphologies
of these alloying specimens.

The P-AlMo-Water specimen with Ra=4.11 pum
shows rough morphology and its surface has many
serious cracks. Moreover, the surface contains various
white precipitates distributed over a wide range of sizes.
The cross-sectional view of the alloyed layer presented
in Fig. 3 also shows precipitates and cracks. EDS
analysis indicates that the white precipitates that contain

Fig. 6. (a) Cross-sectional SEM (BEI) micrograph of the N-AlMo-Kero specimen, and followed by X-ray maps of (b) Ni, (c) Cr, (d) W, (e) Al, (f) Mo, and

(g) C in (a).
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Fig. 8. Surface morphologies of (a) P-AlMo-Water, (b) P-AlMo-Kero, and
(c) N-AlMo-Kero specimens.

Al and O are Al,O3 phase, as determined from the XRD
results.

With respect to discharging in kerosene, the P-AlMo-
Kero specimen reveals the least roughness (Ra=2.62 um)
and the finest surface morphology. However, the N-
AlMo-Kero with a roughness of Ra=5.68 um demon-
strates the coarsest topography; its surface covers many
rough mounds. EDS analyses indicate that the rough
mounds contain fair amounts of Mo and a little W, Cr,
Al, and C. The rough mounds show a style of dis-
continuous piled-layers in cross-sectional observation of
this specimen.

3.3. Hardness measurements

The hardness of N-AlMo-Kero was measured on a cross-
section without piled-layers, to prevent inconsistent results
concerning discontinuous piled-layers, whereas the hardness
of the P-AlMo-Water and P-AlMo-Kero specimens was
measured in arbitrary cross-section. Fig. 9 shows the cross-
sectional hardness profiles of P-AlMo-Water, P-AlMo-Kero,
and N-AlMo-Kero specimens. The maximum hardness of
all EDA specimens is at the location closed to the surface,
and the measured hardness values of P-AlMo-Water, P-
AlMo-Kero, and N-AlMo-Kero specimens are 1138, 1086,
and 720 HK, respectively. The P-AlMo-Water specimen
exhibits the highest surface hardness. In P-AlMo-Kero
specimen the hardness is higher than that of the substrate,
at a depth of about 50—60 um, which is greater than the
corresponding depth in the other two EDA specimens.
Moreover, the hardness profiles of P-AlMo-Water and P-
AlMo-Kero agree with the analysis of the compositional
gradient in the alloyed layers, shown in Figs. 3 and 4.

3.4. Kinetics of isothermal oxidation

High temperature oxidation tests were performed to
evaluate the oxidation resistance of unalloyed superalloy
and various EDA specimens. Fig. 10 plots the weight
change per unit area vs. oxidation time for the test
performed at 1000 °C in air. During exposure, the kinetic
curve of the superalloy Haynes 230 follows the parabolic
rate law for 600 h but shows a gradual weight loss after 600
h, revealing that oxide scales formed on the surface of the
superalloy as a diffusion barrier in the early and intermedi-
ate stages of oxidation. However, the superalloy does not
exhibit long-term oxidation resistance.

With regard to EDA specimens, the kinetic curve of N-
AlMo-Kero shows serious weight loss in the initial stage of
oxidation, indicating that the oxidation resistance of the N-
AlMo-Kero specimen is even worse than that of the
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Fig. 9. Hardness profiles along the depth of cross-section of three EDA
specimens. (load: 25 g, loading time: 15 s)
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Fig. 10. The isothermal oxidation kinetics of unalloyed superalloy Haynes
230 and three EDA specimens at 1000 °C in static air.

unalloyed superalloy. The specimen deteriorated quickly
and failed catastrophically because of the formation of
volatile molybdenum oxide [15]. However, the isothermal
oxidation behavior of P-AlMo-Water and P-AlMo-Kero
specimens demonstrate a very low weight gain, even after
41 days of exposure, revealing that the alloyed layer formed
on the surface of these specimens produces protective oxide
layers during exposure in air, establishing long-term
oxidation resistance. Furthermore, the oxidation of P-
AlMo-Kero is slower than that of P-AIMo-Water, indicating
that the oxidation resistance of P-AlMo-Kero exceeds that
of the P-AIMo-Water specimen.

4. Discussion

This work attempts to investigate the possibility of using
distilled water as a dielectric fluid in the EDA process. The
alloying results and surface properties of EDA specimens
were examined to evaluate the advantages and disadvan-
tages of various EDA conditions and the stability of the
EDA process. Based on the experimental results, the
influence of the electrode polarity, the forming conditions
of the electrode, and the effects of different dielectrics are
discussed.

4.1. Influence of electrode polarity

During the EDA process, the alloyed layer is successfully
produced on the superalloy surface using an Al-Mo
electrode with positive polarity in pure kerosene or in
distilled water dielectrics. Surface alloying is ineffective
when the electrode polarity is negative. The alloying results
change with the electrode polarity. The discharge spot of the
anode is larger than that of the cathode, and the current or
energy density of the anode is less than that of cathode
under the same EDM conditions [16—18]. When the
electrode polarity is negative, the current density on the

electrode is larger than that on the electrode with positive
polarity. A high electrode energy density results in high
electrode consumption, and consequently large amounts of
electrode droplets are produced. On the other hand, the
energy density on the surface of the anode workpiece is
lower than that on the cathode workpiece. A low discharge
current density yields a shallow molten surface on the
workpiece, and the shallow molten zone may quickly re-
solidify in the dielectric fluid. Therefore, large amounts of
electrode materials cannot effectively mix into the work-
piece surface. Most electrode materials are attached to the
substrate surface to form discontinuous piled-layers when
kerosene dielectric was used, but the alloying process was
unsuccessful because of the difficulty of discharging when
the distilled water was used as dielectric.

When the composite electrode is the anode, the larger
discharge spot on the anode electrode resulted in a wider
melting zone than that on the cathode electrode. Although
the current density on the anode is lower than that on the
cathode, the discharge energy on the anode is sufficient to
disintegrate appropriate quantities of alloying materials (Al
and Mo) from the weakly bonding electrode. Then, the
carbon or oxygen decomposed from dielectric fluids reacts
with the alloying materials and is transferred to the molten
surface of the superalloy. Furthermore, the surface of the
cathode workpiece yields a deep molten zone, because of
the large current density, so the alloying materials trans-
ferred from the electrode successfully dissolve into the
molten substrate surface and react with the elements of the
substrate to produce an alloyed layer.

In recent years, many EDAs [6,8,19] of aluminum alloys
have used a green-compact electrode with negative polarity
in kerosene dielectric to generate alloyed or modified layers.
The modified layers always contain hard particles such as
carbides and secondary binder phases, to enhance the wear
and corrosion resistance of the alloyed surface. In this work,
the EDA result of superalloy Haynes 230 with negative Al—
Mo composite electrode shows that only a few carbides are
formed and a little Al is dissolved in the alloyed layer of the
superalloy. Moreover, various discontinuous piled-layers
attached to the surface of the superalloy, which is
detrimental to the surface properties. Therefore, the results
of the surface alloying of the superalloy obtained using a
negative electrode are worse than those obtained using a
positive electrode polarity, when the EDA process uses a
weakly bonding electrode.

4.2. Electrode forming conditions

Measurements of surface roughness show that the P-
AlMo-Kero specimen has a lower surface roughness and a
finer surface morphology than that of the N-AlMo-Kero
specimen. The fine surface morphology of the P-AlMo-
kero specimen is attributable to the fact that the Al-Mo
composite electrode has a low thermal conductivity,
allowing the alloying materials to disintegrate from the
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electrode and reside on the workpiece surface, then
mixing with molten surface of superalloy, smoothing the
surface and reducing the number of cracks. However, the
surface roughness of N-AIMo-Kero specimen is very high
because high electrode consumption results in a large
amount of electrode materials, attaching to the surface of
the N-AlMo-Kero specimen. For the same reason, the
surface alloying of superalloy Haynes 230 with the
negative electrode polarity is less effective than that with
the positive electrode polarity. This inference is based on
the use of a weakly bonding electrode that contains
materials with high melting point. It indicates that the
EDA outcome is related to not only EDA parameters but
also electrode conditions, such as the composition, the
powder size, and the forming temperature and pressure of
the electrode.

Tsai [13] et al. studied the EDM performance of Cr/Cu-
based composite electrodes; the surface roughness of the
workpiece (AISI 1045) obtained using a positive electrode
exceeded that obtained using a negative electrode, because
the anode has a larger discharge spot than the cathode,
resulting in a wider melting zone on the weakly bonding
electrode and producing more particles that dropped and
accumulated on the surface of the workpiece. Their
composite electrode was fabricated from a mixture of Cr
powders (45 pum) and Cu powders (53 pum) that contain
resin, at 200 °C and 20 MPa. The bonding of the mixture
powders in such a composite electrode was very weak and
leading to a high electrode wear when the anode was the
composite electrode. Additionally, the size of the mixture
powders was too large to be mixed completely into the
molten surface of the workpiece under those experimental
conditions. However, a smooth alloyed layer formed on the
surface of the superalloy when the electrode polarity was
positive, because the Al-Mo mixture in the electrode
dissolved completely into molten zone of the substrate.
Accordingly, the powder of size 10—15 um is suitable for
fabricating an Al-Mo composite electrode to alloy the
surface of the superalloy by EDA, under the experimental
conditions applied in this research.

In summary, high electrode consumption causes the
alloying materials ineffectively to dissolve into the work-
piece, regardless of whether the electrode polarity is positive
or negative, so the surface alloying effect is suppressed and
the surface properties of a workpiece are degraded. There-
fore, EDA parameters that are appropriate for a specific
electrode must be further investigated.

4.3. Effects of dielectrics

The XRD spectra of EDA specimens, shown in Fig. 2,
demonstrate that many complex and metastable phases,
besides equilibrium phases, are detected in the alloyed
layers, because of the quenching effect of rapid melting and
resolidification. During electrical discharge in dielectric
fluids, the molten mixture of the electrode and the substrate

resolidifies very rapidly, and changes the microstructure
and/or phase constitution of the machined or alloyed surface
layer. The electrical discharge machined (EDM) layer is
called the heat-affected zone (HAZ). The layers of a
machined workpiece are generally categorized into three
main types, according to their hardness-recast layers,
intermediate layers and unaffected matrix layers, in order
of decreasing hardness [20,21]. The microstructure and
characteristics of HAZ (in the EDM process) or the alloyed
layer (in the EDA process) are related to the physical
properties of the dielectric fluids, such as thermal con-
ductivity and electrical conductivity.

The thermal conductivity of distilled water is about four
times that of the kerosene [22], and the rate of resolidifi-
cation of molten substrate in distilled water exceeds that in
kerosene. Consequently, the maximum hardness and the
surface roughness of P-AlMo-Water exceed those of P-
AlMo-Kero. Moreover, the high resolidification rate of
molten substrate in distilled water results in the shallowness
and uneven thickness of the alloyed layer of P-AlMo-Water,
and numerous serious cracks are present throughout the
alloyed layer of which specimen. Rough surface morphol-
ogy and cracks in the alloyed layer increase the total
exposure areas of P-AIMo-Water when the EDA specimens
are subjected to oxidation at high temperature, so the weight
gain of P-AIMo-Water is higher than that of the P-AlMo-
Kero specimen throughout the period of oxidation. Fur-
thermore, if necessary, the P-AlMo-Water specimen with
cracks in the alloyed layer undergoes high temperature
cyclic oxidation; the protective oxide scales would be easily
damaged because of the concentration of thermal stress in
the zone near the cracks.

When the Al-Mo electrode with negative polarity is
used in distilled water, large amounts of droplets are
produced from the electrode; the electrode droplets then
react with the oxygen that is decomposed from distilled
water, to form a large number of metal oxides, which is
ceramics, during electrical discharge. The electrical
conductivity of the dielectric fluid becomes dispropor-
tionately low because considerable quantities of metal
oxides lie between the electrode and the workpiece.
Accordingly, the metal oxides interfere with the discharge
proceeding, and the discharge state becomes unstable.
Therefore, the alloying process was unsuccessful because
of the difficulty of discharging under these EDA
conditions.

5. Conclusions

1. An Al-Mo composite electrode with positive polarity
was used in distilled water or kerosene dielectric to form
an alloyed layer, with compositional gradient, on the
surface of the superalloy Haynes 230. The alloyed layer
of P-AlMo-Water contains a mixture of NiAl, AlCr,,
AlsCr, and AlL,O5 phases. The NiAl, AlgMos, Cr,;Cs,
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and Al4Cs are present in the alloyed layer of P-AlMo-
Kero specimen.

. When a negative Al-Mo electrode is used in kerosene,
many discontinuous piled-layers with Al;Mog and
AlMos phases accumulate on the surface of N-AlMo-
Kero, because the electrode consumption is high and
the molten zone on this specimen is shallow. The
alloying process in distilled water was unsuccessful
because numerous metal oxides interfere with the
discharge proceeding when a negative electrode polarity
is selected.

. The maximum hardness of P-AlMo-Water exceeds that
of P-AlMo-Kero because the resolidification rate of
molten substrate in distilled water exceeds that in
kerosene. However, the P-AlMo-Kero specimen has the
finest surface morphology, the thickest alloyed layer, and
the slowest oxidation rate of all EDA specimens.

. The alloyed layer formed on the P-AlMo-Kero or the P-
AlMo-Water specimen increases the high temperature
oxidation resistance of the superalloy Haynes 230. The
high temperature oxidation resistance of all the tested
specimens, from best to worst, follows the order, P-
AlMo-Kero, P-AlMo-Water, superalloy Haynes 230, and
N-AlMo-Kero.

. The compositional and structural analyses, the surface

roughness measurements, and the high temperature

oxidation test of the EDA specimens all indicate that
the surface alloying effect in kerosene is better than that
in distilled water.

. The Al-Mo composite electrode provides the surface

alloying materials during EDA process. The EDA out-

come is related to electrode conditions; the EDA
parameters that are appropriate for a specific electrode
must be further studied.
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